In this paper CuO thin films were prepared using chemical spray pyrolysis technique (CSP) with different dopant concentration of Al +3 (0, 3, 5 and 7)% at substrate temperature of (400 ºC), and thickness of about (400±10) nm .The structural properties of (CuO: Al) thin films were studied using X-ray diffraction technique. The investigation through the above technique, appeared the structure of CuO which was of crystalline monoclinic and preferred orientation along (111) plane. Also the structural studies showed the decrease of average grain size with increase of (Al) dopant concentration were in the range of (12.57-11.69 nm). The structural parameters including dislocation density (δ), and number of crystal per unite area (No) were also calculated. The atomic force microscopes (AFM) results showed that the root mean square (RMS) and surface roughness increases with increase of (Al) dopant.
Introduction
Cooper oxide (CuO) is monoclinic structure, p-type semiconductor with a narrow band gap of (1.3-2.1 eV) [1] [2] [3] . Copper oxide, which is a promising semiconductor material for fabrication of photovoltaic devices like solar cells [4] . Copper oxides were used for hydrogen gas sensors [5] , and volatile organic compounds [6] , photoelectron chemical cell [7] , etc. It has been widely investigated for various applications such as solar energy conversion, optoelectronics, batteries, sensors, semiconductors, and catalysis [6, 7] . The nontoxicity of CuO and abundant availability of its constituents make it an advantageous and promising material for device applications [8] , many efforts have been made to fabricate nanostructured CuO materials, including nanoparticles [9] . Several techniques such as: thermal oxidation, electro deposition,
Materials and Methods
Pure and Al-doped CuO thin films were deposited on glass substrates by chemical spray pyrolysis technique as follows:
Solution of (0.1M) concentration for copper nitrate (Cu (NO3)2.3H2O) was prepared by dissolving (2.416g) copper nitrate in (100ml) distilled water. Also a solution of cocentration (0.1M) of aluminum nitrate can be prepared by dissolving (3.7513g) (Al (NO3)3.9H2O( in (100ml) distilled water depending. The (X-ray) diffraction patterns for the prepared thin films were obtained in a (Shimadzu XRD -6000) goniometer using copper target (CuKα, 1.5418 Å) and Atomic Force Microscopy (AFM) micrographs were recorded by using scanning probe microscope type (SPM-AA3000), contact mode, supplied by Angstrom Advanced Inc.
Optical properties in the wavelength range of (300-900) nm were investigated by using UV-VIS-NIR spectroscopy (Shimadzu, UV-1800).
Results and Discussion
The X-ray diffraction (XRD) investigation has been carried out for the pure and (Al) doped with CuO thin films. XRD patterns of the undoped and Al-doped CuO films are shown in 
1-The average crystallite size
The average crystallite size for the films can be calculated for (111) direction by Scherrer formula by using the relation [12] :
Where, Dav is the crystallite size, K is a constant known as Shape factor (= 0.94), β is the Full width at half maximum (FWHM) given in radians and θ is the Bragg's angle.
It is observed that the average crystallite size for the copper oxide thin films from the (111) peaks decrease when ratio of doping by Al increase, and the range of average crystallite size (12.57 -11.69) nm shown in Figure( 2). The decrease of average crystallite size in our samples shows that at least a small quantity of Al +3 ions substituted the Cu +2 ions, since the Al +3 ionic radius (0.53 º A) is smaller than that corresponding to Cu +2 ion (0.73 º A) [13] . as shown in Table (1) . 
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2-Dislocation Density
The dislocation density is the measure of amount of defects in a crystalcan be defined as the dislocation line per unit volume. The dislocation density (δ) can be calculated as the following 
4-(AFM) Results
The atomic force microscopy (AFM), investigation have been carried out for the prepared pure and Al doped CuO thin films. The results showed that (RMS) and surface roughness increases with doping as shown in table (2) , where adding Al considerably improves the surface smoothness by decreasing the grain size. Figure ( 
